Conclusions-For practical purposes, it is reasonable to measure three dimensions of a lung tumour at sectioning and calculate the volume using the formula for an ellipsoid (V = 4/3 X d.e.f, where d, e and f are the semi-axes).
Primary tumour size is of prognostic importance in many malignancies and this is true for non-small cell carcinoma of the lung (NSCLC).'-' Lung tumour size is an integral part of the American Joint Committee We have compared three different pathological methods of measuring lung tumour volume with a gold standard method in order to identify the most appropriate method for routine use.
Methods
Fifty four lung cancers resected between July 1992 and November 1993 from the Departments of Thoracic Surgery at the Northern General Hospital, Sheffield, and the City Hospital, Nottingham, were studied. There was no selection of cases; sequential cases over this time period were studied. There were 32 squamous carcinomas, 14 adenocarcinomas, three adenosquamous carcinomas, two small cell carcinomas, one bronchioloalveolar cell carcinoma, one mucoepidermoid carcinoma, and one pulmonary blastoma.
At sectioning, the three dimensions of the tumours were measured and, using a set up similar to a brain slicing system, the lungs or lobes were cut into 1 cm slices (fig 1) . The slices containing tumour were photocopied (photocopier purchased by the Peel Trust) at a ratio of 1:1 ( fig 2) and the boundaries of the tumours were traced onto acetate sheets. The tumour area of each slice was obtained using an image analysis system (Seescan). Photocopying of the lung slices was necessary because the image analysis system was located at another hospital. More importantly, the image analysis system was unable to distinguish the tumour boundary accurately from fixed lung slices.
The entire blocks of tumour from eight cases were processed by hand and mounted whole sections of tumour were cut on a sledge microtome at 0.1 cm intervals. The tumour outlines on these whole mount sections were viewed through a dissecting microscope and traced onto acetate sheets. The tumour area of each slice was obtained using the image analysis system as for the photocopied tumour slices.
The details of the calculation of the four different volume measurements are as follows: (1) assuming the tumours to be spherical, using the formula V = 4/3 (d/2)3 where d = maximum diameter; (2) assuming the tumours to be ellipsoidal,7 using the formula V = 4/3 X (d.e.f) where d, e and f are the semi-axes; (3) using the areas of tumour slices from photocopied 1 cm lung slices together with the number of slices containing tumour (a correction was applied to the end slices); and (4) the gold standard, using the areas calculated from the whole mount sections and the number of sections containing tumour. The tumours were divided into two groups for further analysis: < 14 ml or > 14 ml, because Discussion The aim of the study was to determine the most suitable method for measuring lung tumour volumes for routine use and to compare various methods with a gold standard. A comparison with values derived from computed tomography will be reported elsewhere. We devised a gold standard method which was labour intensive, requiring whole mount sections of tumour at 0.1 cm intervals. Cutting and mounting over 60 sections, most of which were stained by hand, was needed for the larger tumours. For this reason, only eight tumours were treated in this way. Alternative methods have been suggested, such as the use of displacement of water, to measure tumour volume. With this method the tumour must be dissected from the surrounding stroma and using Archimedes principle the volume is easily obtained. This could cause difficulties in selecting blocks for surgical reporting, especially with regard to margins of excision. Furthermore, our gold standard method permits visualisation of the tumour margin under a dissecting microscope so that atelectasis could not invalidate the results. We therefore have confidence in our gold standard.
Our results show that calculating volumes from a maximum dimension and assuming that lung tumours are spheres is inaccurate and grossly overestimates the volume of many tumours. Using our photocopying and image analysis methods produced results closest to our gold standard. It is debatable whether for routine measurements the extra time required is worthwhile when careful measurement of three dimensions and assuming that tumours are ellipsoids is only slightly less accurate.
Lung tumour volumes were not related to any of the clinical parameters studied but others have shown a correlation with survival.5
